There have been conflicting reports on the electronic properties of twin domain boundaries (DBs) in MoSe2 monolayer, including the quantum well states, charge density wave, and Tomonaga-Luttinger liquid (TLL). Here we employ low-temperature scanning tunneling spectroscopy to reveal both the quantum confinement effect and signatures of TLL in the one-dimensional DBs. The data do not support the CDW at temperatures down to ~5 K.
various lengths at low temperature (~5 K and 77 K), we show evidence of both the QWS and TLL. The data do not support the CDW in the system. Fig. 1(a) shows an STM image of an epitaxial MoSe2 ML grown on graphene, revealing a dense DB network with each DB segment 5~10nm long. Surrounding each DB defect are two semiconducting MoSe2 domains having a bandgap of ~2.1 eV as measured by STS [1, 30] . The atomic structure of the defect has been well established (see Fig. 1b ) and the corresponding electronic structure as calculated from the density functional theory (DFT) is shown in Fig. 1(c) [31] [32] [33] [34] . For the latter, we have upshifted the Fermi level to a value that matches with the experiment, i.e., at The number of undulation period increases continuously with energy, from 4 (around -0.26eV) to 7
(around +0.18eV), which appears consistent with the calculated defect band '1' as marked in Fig. 1(c) .
At energy ~0.2 eV, a much-enhanced intensity is noted, which may correspond to the emergence of band '2'. Above 0.2 eV, there are degenerate states due to overlapping bands '1' and '2', complicating the data.
In Fig. 2(c) , another acute feature is the wide energy gap between states adjacent to E F , much wider than the QWS gaps away from
E F
. This is precisely the charge-gap of the TLL as described above. A more direct evidence of TLL may come from spin-charge separation, which could be observable in the STS experiments as demonstrated by Jolie et al. [4] Unfortunately our data do not unambiguously show such a feature. On the other hand, we observe another feature that may lend support to the TLL, i.e., increasing suppression of the DOS as one moves closer to the DB edge. According to a theoretical study, the energy at which the DOS peaks shifts to higher values with decreasing r, the distance from the 1D wire edge, such that r × E = constant [37, 38] . Fig. 4(a) presents a spatially-resolved STS spectra taken near one end of a DB, on which a curve of r × E = 0.49 nm•eV is overlaid. Fig. 4(b) plots the same data in a different format, where each line represents a spectrum taken at a location a distance from one of the DB end as indicated. As is clear, the closer it is to the end of the defect, the higher the energy at which the DOS is the highest. In summary, using LT-STM/S, we reveal both the quantum well states and signatures of TomonagoLuttinger liquid in the 4|4P-type twin domain boundary defect in MoSe2 ML. In particular, we observe the length dependent energy gaps for short DBs but power-law DOS suppression at the Fermi level. In addition, enhancement of DOS suppression as one moves closer to the defect end is observed, and a strong electron interaction in the system is hinted. It shows that the DB defect in MoSe2 ML could be an ideal isolated 1D system for studying low-dimensional and correlated physics.
